Several psychiatric disorders, including major depressive disorder (MDD), are associated with increased blood markers of oxidative stress. The relevance of this to the oxidation-sensitive hippocampus (HC) is unknown. We investigated the relationship between peripheral oxidative stress markers and HC volume in unmedicated individuals with MDD (n ¼16) and healthy controls (n ¼19). To conserve power, our primary analysis was carried out in the combined group of subjects, and secondary analyses examined each group separately. Oxidative stress markers (oxidized glutathione (GSSG)) and antioxidants (reduced glutathione (GSH), glutathione peroxidase (Gpx), and Vitamin C) were assessed, and a "total net antioxidant score" was calculated. 4-T MRI estimated total HC volume and HC subfield (CA1, CA1-CA2 transition zone, subiculum and CA3/dentate gyrus [CA3&DG]) volumes. Across groups, the antioxidant score was significantly and positively correlated with total HC volume and CA3&DG subfield volume (normalized to total intracranial volume), adjusting for age and sex. Similar relationships were observed in each individual group but missed statistical significance, likely due to type II errors, with the exception of a significant correlation between the antioxidant score and CA3&DG volume in the MDD group. These preliminary data are consistent with oxidative stress being associated with smaller total HC and CA3&DG subfield volumes.
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Introduction
Oxidative stress occurs when the production of oxygen free radicals exceeds the body's antioxidant capacity (Fig. 1) . Among the oxidative systems implicated in psychiatric disorders, the glutathione system has a strong theoretical foundation (Berk et al., 2008) . Glutathione (GSH) is a ubiquitous cellular antioxidant found in the cytosol, mitochondria and cell nucleus (Berk et al., 2008) . As shown in Fig. 1 , reactive oxygen species (ROS) are detoxified by reduced glutathione (GSH), which is oxidized to oxidized glutathione (GSSG) by the antioxidant enzyme glutathione peroxidase (Gpx). Similarly, the antioxidant Vitamin C (ascorbate) detoxifies ROS in its conversion to Dehydro-ascorbate. Oxidative stress is damaging to cells and tissues throughout the body, with the brain, and the hippocampus (HC) in particular, being especially sensitive due to their high oxygen consumption, rich content of easily oxidizable fatty acids and relatively low content of antioxidants (Evans, 1993) . More specifically, experimental studies have shown that oxidative stress in the HC is associated with reduced neurogenesis, increased generation of glial cells, and increased neuronal death (Mattson, 2000; Huang et al., 2012) . High levels of peripheral markers of oxidative stress have been reported in many, but not all, studies of major depressive disorder (MDD) (Ng et al., 2008) , and antidepressant treatment often ameliorates the oxidative stress (Behr et al., 2012) . In this preliminary study, we sought to determine if peripheral markers of oxidative stress are related to magnetic resonance imaging (MRI)-based estimates of HC volume in unmedicated subjects with MDD and in healthy controls. 
